Charged B decays to three charged kaons are analysed in the framework of the QCD factorization approach. The strong final state K + K − interactions are described using the kaon scalar and vector form factors. The scalar non-strange and strange form factors at low K + K − effective masses are constrained by chiral perturbation theory and satisfy the two-body unitarity conditions. The latter stem from the properties of the meson-meson amplitudes which describe all possible S -wave transitions between three coupled channels consisting of two kaons, two pions and four pions. The vector form factors are fitted to the data on the electromagnetic kaon interactions. The model results are compared with the Belle and BaBar data. Away from φ(1020) resonance, in the S -wave dominated K + K − mass spectra, a possibility for a large CP asymmetry is identified.
Introduction
Recently, charmless three-body decays of B mesons have been intensively studied both experimentally and theoretically. On the experimental side, Dalitz plot analyses of the charged B decays were performed by Belle [1] and BaBar [2] collaborations. Likewise, several theoretical studies involving the B ± → K + K − K ± decays have been published [3] , [4] and [5] . Since charged kaons interact strongly, their long distance interactions in the final states have to be well understood if one aims at extracting weak decay amplitudes from the B to KKK decays. In this Letter we go beyond an isobar model parameterization of the B decay amplitudes and introduce additional theoretical constraints on the S -wave two-body K + K − interaction amplitudes, which follow, in particular, from unitarity. In order to satisfy unitarity in two-body interactions we construct scalar strange and non-strange form factors which enter into the Swave parts of the decay amplitudes. These amplitudes are calculated in the framework of the QCD factorization approach. In the construction of form factors we use experimental information on the K + K − interactions coming from experiments other than B decays, for example from K + K − production processes in hadronic collisions or from e + e − reactions. We apply also some low-energy constraints coming from the chiral perturbation theory. Preliminary results of our analysis concerning the B ± → K + K − K ± reactions can be found in Ref. [6] . In Section 2 we formulate the theoretical model of the B + and B − decay amplitudes. Presentation of results and their comparison with the experimental data are given in Sec. 3. Our conclusions are presented in Sec. 4.
B
Inspection of the Dalitz plots of the Belle [1] and BaBar [2] experiments reveals an accumulation of events for the K + K − effective masses below 1.8 GeV. Indeed, several mesonic resonances which can decay into the K + K − pairs exist in this range [7] . Among them there are scalar and vector resonances which are formed via the S -and P-wave final state interactions. In the first approximation one can neglect their interaction with the third kaon. This justifies using the QCD quasi-two-body factorization approach for the limited range of the effective K + K − masses (see, for example Ref. [8] ). The B − → K + K − K − amplitude is then expressed in terms of the following matrix element of the weak effective Hamiltonian H:
where the S -wave part is
the P-wave part is
and the interacting kaons are taken to be kaons 2 and 3. Furthermore, s 23 is the square of the K + (p 2 )K − (p 3 ) effective mass m 23 ≡ m K + K − , while − → p 1 and − → p 2 are the kaon 1 and kaon 2 momenta in the center of mass system of the kaons 2 and 3. The scalar product of the kaon momenta can be written in terms of the helicity angle Θ H : 
where |0 > is the vacuum state. The (2) 
We take into account one-loop vertex and penguin corrections to a p j (M 1 M 2 ) but neglect those due to hard scattering or the annihilation since they are expected to be generally suppressed. In the QCD factorization approach they receive logarithmically divergent contributions due to soft gluon interaction which are "unavoidably model dependent" (see Ref. [8] ). We treat such soft interactions by introducing the form factors constrained by data on meson-meson interactions, taken from analyses of reactions other than the B decays. Under these conditions we have a
The values of coefficients a p j (M 1 M 2 ) are given in Table 1 .
In terms of the quantities introduced above one defines:
where
and
One can notice that in the expressions for the decay amplitudes there are no transitions to the K + K − states of spin 2 or higher. This results from the application of the factorization approach in which matrix elements to spin states higher than one vanish. The contribution of f 2 (1270) with its rather small branching fraction to KK (4.6 %) is thus not included in this study.
Since two identical charged kaons appear in the final state of the B − → K + K − K − decay, the amplitude of Eq. (1) has to be symmetrized
The symmetrized amplitude for the
The final state kaon-kaon S -wave interactions are dynamically coupled with systems consisting of two and four pions. Thus a system of three coupled channels: ππ,KK and 4π (effective (2π)(2π) or σσ, ρρ etc.), labelled by j = 1, 2, 3, is considered in the construction of scalar form factors Γ n 2 and Γ s 2 . Here we use an approach initiated in [4] and recently developed in [10] for the B ± → π + π − π ± decays. A set of the 3x3 transition amplitudes T , describing all possible transitions between the three channels, is taken from a unitary model of Ref. [11] (solution A). We introduce two kinds of production functions R n,s j , labeled by n (non-strange) or by s (strange):
where α
n,s j and c are constant parameters, while E represents the total energy and is related to the center of mass mo-
The three scalar form factors, written in the compact row matrix form Γ n,s * , are given by
where R n,s are rows of the production functions and G is the matrix of the Green's functions multiplied by the convergence factors
. These factors, which reduce to unity on shell (p = k j ), make finite the relevant integrals over the intermediate momenta p. The parameter κ will be fitted to the data of the BaBar [2] and Belle [1] Collaborations.
For both the non-strange and strange form factors we also constrain their low energy behaviour using the chiral perturbation model of Refs. [12, 13] . At low s values one writes the following expansion: [10] . For the strange form factors we have
and Table 2 . The parameter c, which controls the high energy behaviour of R, is fixed while fitting the data.
Our scalar form factors satisfy the following unitarity conditions:
where D is the diagonal matrix of the kinematical coefficients which are proportional to the channel momenta k j in the center of mass frame:
Presence of the resonances in the 
In the above equations BW i , i=1,...,8, are the energy-dependent Breit-Wigner functions, defined for each resonance of mass m i and width Γ i as
and c i are the constants given in Table 2 of Ref. [15] for the constrained fit. The B to K transition form factors have been parametrized according to Ref. [16] :
where r 0 = 0.33, s 0 = 37.46 GeV 2 , and
where r 1 = 0.162, r 2 = 0.173 and m 1 = 5.41 GeV. 
Results
Partial wave analysis of the decay amplitudes helps in the investigation of the density distributions in the Dalitz diagrams. In Eqs. (2,3) we have defined the S -and P-wave amplitudes to which the double differential B − → K 
Here Γ B is the total width of the B − meson and the kaon momenta are:
The helicity angle Θ H is kinematically related to the effective mass m 12 of the K
Due to the symmetry of the Dalitz plot density under the exchange of the kaons K dBr Our aim is to describe the data of the Belle [1] and BaBar [2] Collaborations in one common fit. The data chosen by us include the total branching fraction for the decay
, the averaged effective mass distributions dBr ± /dm 23 for m 23 smaller than 1.8 GeV, and the averaged helicity angle distribution dBr ± /d cos Θ H for m 23 < 1.05 GeV. The distributions of the B ± → K + K − K ± events are obtained from the published data by subtraction of the background components. The total number of data points for ten plots from both collaborations is equal to 175. The theoretical distributions are normalized to the total number of experimental events corresponding to each data set. In our fit we used the averaged
branching fraction equal to (4.06 ± 0.34) · 10 −6 [7] . There are four fitted parameters: χ, κ, c and N P . The first three parameters are related to the S -wave decay amplitudes and the fourth one, N P , is the common P-wave normalization constant by which the amplitudes A − P and A + P are multiplied. We have performed the fit to the 176 data points obtaining the total value of χ and N P = 1.037 ± 0.014. For N P = 1 we obtain the averaged . One sees that the absolute normalization of the P wave is very close to 1 which means that the decay amplitudes calculated in our model are adequate.
Our value of χ parametrizes a large range of K + K − effective mass up to 1.8 GeV and not just the region of f 0 (980). Therefore it cannot be directly compared with the value given in Ref. [4] . In addition, the estimate of χ given in Eq. (18) of [4] involves the coupling constant of f 0 (980) to ππ while here we have coupling to KK. Using g f 0K K /g f 0 ππ = 4.2 from Ref. [19] , a very rough estimate similar to that given in Ref. [4] leads to χ ≈ 5.6 GeV −1 .The κ parameter was not used in Ref. [4] where only the on-shell contributions to the form factors were taken into account. The value of κ = 3.51 GeV −1 is reasonably larger than the typical KK mass considered. We have also done an analogous fit to the data using the three P-wave form factors based on the parameterization of Ref. [5] obtaining similar values of parameters as those written above, however with a higher χ 2 value of 354. Fig. 1 shows the moduli of scalar form factors Γ n * 2 (s 23 ) and Γ s * 2 (s 23 ) which determine the functional dependence of the Swave amplitudes on the K + K − effective mass. There are two prominent maxima of both form factors, one related to the f 0 (980) resonance and the second one forming cusps due to the opening of the third channel at 1400 MeV (in the present model responsible effectively for the production of four pions). Presence of f 0 (980) leads to the threshold enhancement of the S -wave amplitude. This effect can be directly studied in high statistics experiment with a very good effective K + K − mass resolution of about 1 MeV and should be seen only a few MeV above the threshold.
In Fig. 2 the K + K − effective mass distributions are shown for two mass ranges and for the data from the BaBar Collaboration. At low m K + K − the spectrum is influenced by the P-wave amplitude and dominated by the φ(1020) resonance. Above 1.05 GeV the S -wave amplitude is much more important than the P-wave one. According to our analysis which uses the approach of Refs [ 11, 21] , the experimental maximum near 1.5 GeV can be attributed to the f 0 (1400 − 1460) found therein in solution A. We recall that in Ref. [21] the coupling constant of the f 0 (1400) decay toKK is much smaller than the corresponding coupling to ππ. Let us notice that the model distribution depends on the sharp 4π threshold located at 2 · m 3 = 1.4 GeV which in reality should be smoothed out by the four-body pion interactions not taken into account in this quasi-two-body approximation. We have also studied the Belle [1] K + K − effective mass spectra and found that the quality of their description is similar to that shown in Fig. 2 for the BaBar data. Fig. 3 shows a more detailed comparison of the m K + K − theoretical distributions with the Belle data [1] , with events grouped in five ranges of m 12 which is the other combination of the K + K − effective masses. One observes an overall general agreement of theoretical histograms with experiment, with some surplus of experimental events in Fig. 3e for the case of the highest slice of m 12 (larger than 20 GeV 2 ) where our model is not fully applicable due to the proximity of the Dalitz plot edge.
Finally, in Fig. 4 we present the helicity angle distribution in the K + K − mass range dominated by the φ(1020) resonance. Without the S -wave component of the decay amplitude the dis-
Conclusions
We have studied final state interactions between kaons in the B ± → K + K − K ± decays. An overall general agreement with the Belle and BaBar data has been obtained. Our formalism is based on the QCD factorization supplemented with the inclusion of the long distance K + K − interactions. The latter are taken into account through the functional dependence of the scalar and vector form factors on the effective K + K − masses. A unitary model is constructed for the scalar non-strange and strange form factors in which three scalar resonances f 0 (600), f 0 (980) and f 0 (1400 − 1460) are naturally incorporated. The scalar resonance f 0 (980) leads to the threshold enhancement of the S -wave K + K − amplitude. The K + K − structure seen near 1.5 GeV can be attributed to the third scalar resonance. A potentially large CP asymmetry is obtained in the mass spectrum dominated by the S -wave. It originates from violent phase variations of the two kaon scalar form factors which affect the K + K − effective mass dependence of the S −wave decay amplitudes. In general one can best study this effect away from the φ(1020) peak. We have shown, however, that even under the φ maximum one observes nonnegligible helicity angle asymmetry. This effect originates from the interference between the Sand P-waves.
Our approach presented here for the B ± → K + K − K ± decays can be extended to study the B 0 → K + K − K 0 S reactions for which results of the time-dependent Dalitz analyses have been recently published by the Babar [17] and Belle [18] Collaborations . For further studies of the charged B decays new experimental data with better statistics are needed. Such data already exist! For example, the Belle Collaboration has now five times larger data sample than that used in their publication [1] analysed by us here. Future results from LHCb and from super-B factories would also be very useful.
